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PATTERNING METHOD, METHOD OF
MANUFACTURING ORGANIC FIELD
EFFECT TRANSISTOR, AND METHOD OF
MANUFACTURING FLEXIBLE PRINTED
CIRCUIT BOARD

CROSS REFERENCES TO RELATED
APPLICATIONS

The present invention 1s a divisional of U.S. application
Ser. No. 11/385,123, filed Mar. 21, 2006, which, 1in turn,
claims prionity under 35 U.S.C. §119 to Japanese Patent
Application No. JP 2005-083456 filed 1n the Japanese Patent
Office on Mar. 23, 2005, the entire contents of which being
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a patterning method, a
method of manufacturing an organic field efiect transistor,
and a method of manufacturing a flexible printed circuit

board.

Field effect transistors (FET) including thin film transistors
(Thin Film Transistor; TFT) used in many electronic appara-
tuses at present each includes, for example, a channel forma-
tion region and source/drain regions formed on a silicon
semiconductor substrate or a silicon semiconductor layer, a
gate insulation layer o1 S10, formed on a surface of the silicon
semiconductor substrate or a surface of the silicon semicon-
ductor layer, and a gate electrode provided opposite to the
channel formation region through the gate insulation layer.
Alternatively, the field effect transistor includes a gate elec-
trode formed on a support, a gate insulation layer formed on
the support inclusive of the area on the gate electrode, and a
channel formation region and source/drain electrodes which
are formed on the gate msulation layer. In the manufacture of
the field effect transistors having these structures, very expen-
stve manufacturing apparatuses for manufacturing the semi-
conductor devices have been used, and there 1s a keen request
for lowering the manufacturing cost.

In view of the above, 1n recent years, attention has been
paid on the research and development of an FET which uses
an organic semiconductor material and which can be manu-
factured based on a method not using a vacuum technology,
represented by a printing method, and the performance of the
FET has come to be within an inch of the practical use level.

Conventionally, a patterning method 1n which a pattern
composed of a hydrophilic region and a hydrophobic region 1s
tformed on a surface of a substrate and patterning 1s conducted
by using this as a printing plate has been well known as offset
printing method. Inks used in the offset printing method are
usually high 1n viscosity, but an example of patterning in
which low-viscosity liquid materials are used has also been
reported.

Besides, Michael L. Chabinyc, et al., “Organic polymeric
thin-film {transistors fabricated by selective dewetting”,
APPL. PHYS. Lett 81.4260-4262 (2002) (heremafter some-
times referred to as Reference 1) discloses a technology in
which a wax 1s applied to a substrate by printing, an SAM
(Self-Assembled Monolayer) 1s built up on a substrate region
not covered with the wax, then the wax 1s removed, and an
organic semiconductor material 1s built up on the region hav-
ing been covered with the wax (1n this region, the SAM 1s not
formed). The organic semiconductor material 1s built up by
immersing the substrate 1n a solution of the organic semicon-
ductor material and then pulling up the substrate vertically.
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Alternatively, technologies 1n which a coating liquid con-
taining an organic semiconductor material 1s applied to a
substrate by a die coating method, a dip coating method, or a
spin coating method have also been known.

SUMMARY OF THE INVENTION

However, 1n the technology disclosed in Reference 1 or the
above-mentioned coating methods according to the related
art, the coating liquid would be present or collected in the
region where the coating liquid should intrinsically not be
present, under the influence of gravity, so that 1n some cases
it 1s difficult to obtain the desired pattern. Besides, 1n the dip
coating method, there arises the problem that both sides of the
substrate would be wetted with the coating liquid, or the
problem that the coating growth speed would be low. The spin
coating method 1nvolves the problem that most part of the
coating liquid would be wasted.

Thus, there 1s a need to provide a patterning method
capable of assuredly solving the problem involved in the
coating methods according to the related art, 1.¢., the problem
that the coating liquid would be present or collected 1n the
regions where the coating liquid should intrinsically not be
present, under the influence of gravity, with the result of
difficulties in obtaining the desired pattern, as well as a
method of manufacturing an organic field effect transistor by
applying the pattering method, and a method of manufactur-
ing a flexible printed circuit board by applying the patterning
method.

In order to fulfill the above-mentioned need, according to
an embodiment of the present invention, there 1s provided a
patterning method wherein a nozzle for applying a coating
liquid and a substrate are moved relative to each other 1n the
condition where the nozzle 1s disposed on the lower side of
the substrate and a substrate surface controlled in wettability
1s faced down, so as thereby to apply the coating liquid to a
desired region of the substrate, and thereafter the coating
liquid 1s dried so as thereby to obtain a dried coating layer.

In the patterning method of the present invention, prefer-
ably, but not limitatively,

the substrate 1s provided with a recess-projection structure
having a recessed portion as the desired region and a pro-

jected portion so as thereby to control the wettability of the
surface of the substrate, and

the coating liquid 1s applied to the recessed portion.

In addition, 1n the patterning method of the present inven-
tion, preferably, the relationship of 0<0' 1s satisiied, where O
1s the contact angle between the desired region of the sub-
strate and the coating liqud, and 0' 1s the contact angle
between the other region of the substrate than the desired
region and the coating liquid. Specifically, 1in the case where
the desired region of the substrate 1s set to be lyophilic, the
other region of the substrate than the desired region 1s desir-
ably set to be lyophobic or liquid-repellent, or, in the case
where the desired region of the substrate 1s set to be lyopho-
bic, the other region of the substrate than the desired region 1s
desirably set to be liquid-repellent. Here, a Iyophilic surface
means that the contact angle between the surface and the
coating liquid 1s less than 90 degrees, whereas a lyophobic
surface means that the contact angle between the surface and
the coating liquid 1s not less than 90 degrees and less than 110
degrees, and a liquid-repellent surface means that the contact
angle between the surface and the coating liquid is not less
than 110 degrees. In some cases, the relationship of 0>0' may
be satisfied, though depending on the properties of the sub-
strate and the coating liquid which are used.
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While the desired pattern 1s formed on the substrate 1n the
pattering method of the present invention, 1n some cases, a
method may be adopted 1n which a pattern composed of the
dried coating layer 1s formed and, thereafter, the pattern 1s
transierred onto a second substrate to thereby provide the
second substrate with the desired pattern. Examples of spe-
cific methods for transierring the pattern onto the second
substrate 1nclude a method 1n which, for example, poly-3-
hexylthiophene (P3HP) as an ink 1s mounted on a projected
portion ol a stamp having a recess-projection structure (a
stamp formed from a fluoro-resin, a stamp produced from a
substrate surface-treated with a fluoro-resin, or a stamp
treated with 10 mmol of OTS), thereafter the P3AHP mounted
on the projected surface of the stamp 1s transierred onto a
wholly flat PDMS (silicon rubber), and then the P3HP trans-
terred onto the PDMS 1s transierred onto the desired second
substrate.

According to another embodiment of the present invention,
there 1s provided a method of manufacturing an organic field
clfect transistor, which 1s a method of manufacturing a so-
called bottom-gate/bottom-contact type organic field etlect
transistor, including the steps of:

(A) forming a gate electrode on a substrate,

(B) thereafter forming a gate insulation layer over the
entire surface,

(C) then forming source/drain electrodes on the gate 1nsu-
lation layer, and

(D) thereafter forming a channel formation region in a
portion, between the source/drain electrode and the source/
drain electrode, of the gate insulation layer, wherein

in the step (D), a nozzle for applying an organic semicon-
ductor material coating liquuid and the substrate are moved
relative to each other in the condition where the nozzle 1s
disposed on the lower side of the substrate, and the substrate
surface provided thereon with the gate insulation layer and
the source/drain electrodes and controlled 1n wettability 1s
taced down, so as thereby to apply the organic semiconductor
material coating liquid to the portion, between the source/
drain electrode and the source/drain electrode, of the gate
insulation layer, and thereafter the organic semiconductor
material coating liquid 1s dried so as thereby to obtain a
channel formation region included the organic semiconduc-
tor materal.

Incidentally, the bottom-gate/bottom-contact type organic
field effect transistor thus obtained 1ncludes:

(a) a gate electrode formed on a substrate,

(b) a gate insulation layer formed on the gate electrode,

(c) source/drain electrodes formed on the gate msulation
layer, and

(d) a channel formation region formed on a portion,
between the source/drain electrodes, of the gate insulation
layer.

In addition, according to a further embodiment of the
present invention, there 1s provided a method of manufactur-
ing an organic field effect transistor, which 1s a method of
manufacturing a so-called bottom-gate/top-contact type
organic field effect transistor, including the steps of:

(A) forming a gate electrode on a substrate,

(B) thereafter forming a gate insulation layer on the entire
surface,

(C) then forming a channel formation region and channel
formation region extension portions on the gate msulation
layer, and

(D) thereafter forming source/drain electrodes on the chan-
nel formation region extension portions, wherein

in the step (C), a nozzle for applying an organic semicon-
ductor material coating liquud and the substrate are moved
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4

relative to each other 1n the condition where the nozzle 1s
disposed on the lower side of the substrate and the substrate
surface provided thereon with the gate insulation layer and
controlled 1n wettability 1s faced down, so as thereby to apply
the organic semiconductor material coating liquid to the gate
insulation layer, and thereafter the organic semiconductor
material coating liquid 1s dried so as thereby to obtain the
channel formation region and the channel formation region
extension portions which are included an organic semicon-
ductor materal.

Incidentally, the bottom-gate/top-contact type organic
field effect transistor thus obtained includes:

(a) a gate electrode formed on a substrate,

(b) a gate 1nsulation layer formed on the gate electrode,

(c) a channel formation region and channel formation
region extension portions which are formed on the gate 1nsu-
lation layer, and

(d) source/drain electrodes formed on the channel forma-
tion region extension portions.

Further, according to yet another embodiment of the
present invention, there 1s provided a method of manufactur-
ing an organic field effect transistor, which 1s a method of
manufacturing a so-called top-gate/bottom-contact type
organic field effect transistor, including the steps of:

(A) forming source/drain electrodes on a substrate,

(B) thereafter forming a channel formation region in a
portion, between the source/drain electrode and the source/
drain electrode, of the substrate,

(C) then forming a gate insulation layer on the entire sur-
face, and

(D) thereaiter forming a gate electrode on the gate insula-
tion layer, wherein

in the step (B), a nozzle for applying an organic semicon-
ductor material coating liquid and the substrate are moved
relative to each other 1in the condition where the substrate
surface provided thereon with the source/drain electrodes and
controlled in wettability 1s faced down, so as thereby to apply
the organic semiconductor material coating liquid to a por-
tion, between the source/drain electrode and the source/drain
clectrode, of the substrate, and thereafter the organic semi-
conductor material coating liquid 1s dried so as thereby to
obtain the channel formation region formed of an organic
semiconductor material.

Incidentally, the top-gate/bottom-contact type organic
field effect transistor thus obtained includes:

(a) source/drain electrodes formed on a substrate,

(b) a channel formation region formed on a portion,
between the source/drain electrodes, of the substrate,

(¢) a gate msulation layer formed on the channel formation
region, and

(d) a gate electrode formed on the gate insulation layer.

Besides, according to a yet further embodiment of the
present invention, there 1s provided a method of manufactur-
ing an organic field effect transistor, which 1s a method of
manufacturing a so-called top-gate/top-contact type organic
field effect transistor, including the steps of:

(A) forming a channel formation region and channel for-
mation region extension portions on a substrate,

(B) thereatfter forming source/drain electrodes on the chan-
nel formation region extension portions,

(C) then forming a gate insulation layer over the entire
surface, and

(D) thereaiter forming a gate electrode on the gate 1insula-
tion layer, wherein

in the step (A), a nozzle for applying an organic semicon-
ductor material coating liquid and the substrate are moved
relative to each other 1n the condition where the nozzle 1s
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disposed on the lower side of the substrate and a substrate
surface controlled 1n wettability 1s faced down, so as thereby
to apply the organic semiconductor material coating liquid to
the substrate, and thereafter the organic semiconductor mate-
rial coating liquid 1s dried so as thereby to obtain the channel
formation region and the channel formation region extension
portions which are formed of an organic semiconductor mate-
rial.

Incidentally, the top-gate/top-contact type organic field
ellect transistor thus obtained 1ncludes:

(a) a channel formation region and channel formation
region extension portions which are formed on a substrate,

(b) source/drain electrodes formed on the channel forma-
tion region extension portions,

(c) a gate insulation layer formed on the source/drain elec-
trodes and the channel formation region, and

(d) a gate electrode formed on the gate insulation layer.

According to still another embodiment of the present
invention, there 1s provided a method of manufacturing a
flexible printed circuit board, wherein a nozzle for applying a
conductive material coating liquid and a substrate are moved
relative to each other 1n the condition where the nozzle 1s
disposed on the lower side of the substrate and a substrate
surface controlled 1n wettability 1s faced down, so as thereby
to apply the conductive material coating liquid to the sub-
strate, and thereafter the conductive material coating liquid 1s
dried so as thereby to obtain a circuit pattern composed of a
conductive material coating layer.

As a coating apparatus including a nozzle for use in the
patterning method, the method of manufacturing an organic
field eflect transistor or the method of manufacturing a flex-
ible printed circuit board according to the present invention
(heremaftter, these methods will 1n some cases be generically
referred to simply as the present invention), there may be
mentioned the so-called capillary coater. The relative move-
ment between the nozzle and the substrate may be achieved
by moving the substrate while the nozzle 1s fixed, or by
moving the nozzle while the substrate 1s fixed, or by moving,
both the nozzle and the substrate.

As the coating liquid 1n the patterning method of the
present invention, there may be mentioned coating liquids
which are each prepared by dissolving an organic semicon-
ductor material 1n a solvent. Specific examples of the combi-
nation of [organic semiconductor material, solvent] include
[poly-3-hexylthiophene, toluene], [poly-3-hexylthiophene,
chloroform], [poly-3-hexylthiophene, xylene], [poly-3-hexy-
Ithiophene, tetrahydrofuran (THF)], and [poly-3-hexylth-
iophene, chlorobenzene].

Alternatively, as the coating liquid 1n the patterning
method of the present invention, there may be mentioned
coating liquids which are each prepared by dissolving a con-
ductive material 1n a solvent. Specific examples of the com-
bination of [conductive material, solvent] include [poly(3.4-
cthylenedioxythiophene)/polystyrenesulionic acid [PEDOT/
PSS], water], [PEDOT/PSS, mixed liqmd of isopropyl
alcohol and water], [PEDOT/PSS, mixed liquid of water and
surfactant], [PEDOT/PSS, mixed liquid of water and ethylene
glycol], [silver nano-particles, ethyl acetate], [silver nano-
particles, water], [si1lver nano-particles, toluene], [gold nano-
particles, toluene], [gold nano-particles, chloroform], and
| gold nano-particles, hexane].

Or, as the coating liquid 1n the patterning method of the
present invention, there may be mentioned coating liquids
which are each prepared by dissolving an organic EL material
in a solvent. Specific examples of the combination of [organic
EL material, solvent| include [ MEH-PPV, chlorobenzene].
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In addition, as the organic semiconductor material coating,
liquid 1n the methods of manufacturing an organic field effect
transistor according to the another embodiment, the further
embodiment, the yet another embodiment and the yet further
embodiment of the present invention (hereinatter, these meth-
ods will in some cases be generically referred to simply as the
method of manufacturing an organic field effect transistor
according to the present invention), there may be mentioned
coating liquids which are each prepared by dissolving an
organic semiconductor material mm a solvent. Specific
examples of the combination of [organic semiconductor
material, solvent] include the same combinations as the
above-mentioned combinations of [organic semiconductor
maternal, solvent] in the patterning method of the present
invention.

Further, as the conductive matenal coating liquid 1n the
method of manufacturing a flexible printed circuit board
according to the present invention, there may be mentioned
coating liquids which are each prepared by dissolving a con-
ductive material 1n a solvent. Specific examples of the com-
bination of [conductive material, solvent] include the same
combinations as the above-mentioned combinations of [con-
ductive material, solvent] 1in the pattering method of the
present invention.

In order to obtain the substrate surface controlled 1n wet-
tability in the pattering method of the present invention or the
method of manufacturing a flexible circuit board according to
the present mnvention, 1t suilices, for example, to treat the
surface of the desired region of the substrate or to treat the
surface of the other region of the substrate than the desired
region so that the relationship of 0<0' 1s satisfied, where 0 1s
the contact angle between the desired region of the substrate
and the coating liquid, and 0' 1s the contact angle between the
other region of the substrate than the desired region and the
coating liquid. As such a treatment, for example, a method of
covering the other region of the substrate than the desired
region with a material showing a large angle of contact with
the coating liquid. Examples of such a material include octa-
decyltrimethoxysilane (OTS) and hexamethylenedisilazane
(HMDS). Another method which can be adopted 1s a method
wherein the surface of the desired region of the substrate 1s
made to be lyophilic by treatment with aminotrichlorosilane,
and the other region of the substrate than the desired region 1s
made to be liquid-repellent by treatment with perfluorooctyl-
trichlorosilane. Further methods which can be adopted
include a method wherein the surface of the substrate 1s made
to be lyophilic by an oxygen plasma treatment, and a method
wherein toner particles are transierred and fixed onto the
surface of the substrate by use of a dry indirect electrostatic
copying machine so as to form a liquid-repellent region or
lyophobic region composed of the toner particles on the sur-
face of the substrate.

In addition, 1 order to obtain the substrate surface pro-
vided thereon with the gate insulation layer and the source/
drain electrodes and controlled in wettability in the method of
manufacturing an organic field effect transistor according to
the another embodiment of the present invention, for
example, a method may be adopted 1n which the other region
than the region to which the organic semiconductor material
coating liquid 1s to be applied, of the surface provided thereon
with the gate insulation layer and the source/drain electrodes,
1s covered with a material showing a large angle of contact
with the coating liquid. Besides, 1n order to obtain the sub-
strate surface provided thereon with the gate insulation layer
and controlled in wettability 1n the method of manufacturing
an organic field effect transistor according to the further
embodiment of the present invention, for example, a method
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may be adopted 1n which the other region than the region to
which the organic semiconductor material coating liquid 1s to
be applied, of the surface provided therecon with the gate
insulation layer, 1s covered with a material showing a large
angle of contact with the coating liguid. Further, 1n order to
obtain the substrate surface provided thereon with the source/
drain electrodes and controlled 1n wettability 1n the method of
manufacturing an organic field effect transistor according to
the yet another embodiment of the present imvention, for
example, a method may be adopted 1n which the other region
than the region to which the organic semiconductor material
coating liquid 1s to be applied, of the surface provided thereon
with the source/drain electrodes, 1s covered with a material
showing a large angle of contact with the coating liquid. In
addition, 1n order to obtain the substrate surface controlled in
wettability 1n the method of manufacturing an organic field
elfect transistor according to the yet further embodiment of
the present invention, for example, a method may be adopted
in which the other region than the region to which the organic
semiconductor material coating liquid 1s to be applied, of the
relevant substrate surface, 1s covered with a material showing,
a large angle of contact with the coating liquid. Here,
examples of the relevant material include octadecyltri-
methoxysilane (OTS), and pertfluorooctyltrichlorosilane.

In the method of manufacturing an organic field effect
transistor according to the present invention, examples of the
maternial constituting the gate insulation layer include not
only inorganic insulating materials such as silicon oxide
based matenals, silicon nitride (SiNy), Al,O,, and metal
oxide highly dielectric insulating materials but also organic
insulating materials such as polymethyl methacrylate
(PMMA), polyvinyl phenol (PVP), polyethylene terephtha-
late (PET), polyoxymethylene (POM), polyvinyl chloride,
polyvinylidene fluoride, polysulione, polycarbonate (PC),
and polyimides, and combinations of these materials. Inci-

dentally, examples of the silicon oxide based materials
include silicon dioxide (510,), BPSG, PSG, BSG, AsSG,

PbSG@G, silicon oxynitride (S10N), SOG (Spin On Glass), and
low-dielectric-constant S10,. based materials (e.g., polyaryl
cthers, cycloperfluorocarbon polymers, and benzocy-
clobutene, cyclic fluoro-resins, polytetratluoroethylene, aryl
cther fluonides, polyimide fluorides, amorphous carbon,
organic SOQG).

Examples of the method for forming the gate nsulation
layer include various printing methods such as screen printing
method, 1nk jet printing method, offset printing method, gra-
vure printing method, etc.; various coating methods such as
air doctor coater method, blade coater method, rod coater
method, knife coater method, squeeze coater method, reverse
roll coater method, transter roll coater method, gravure coater
method, kiss coater method, cast coater method, spray coater
method, slit orifice coater method, calender coater method,
etc.; various CVD methods; dip method; casting method; spin
coat method; spray method; and various PVD methods. Here,
examples of the PVD methods include (a) various vacuum
evaporation methods such as electron beam heating method,
resistance heating method, tlash evaporation method, etc., (b)
plasma vapor deposition methods, (¢) various sputtering
methods such as two-pole sputtering method, DC (direct cur-
rent) sputtering method, DC magnetron sputtering method,
RF sputtering method, magnetron sputtering method, 1on
beam sputtering method, bias sputtering method, etc., and (d)
various 1on plating methods such as DC method, RF method,
multi-cathode method, activation reaction method, electric
field vapor deposition method, high-frequency 1on plating
method, reactive 1on plating method, etc.
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Alternatively, the gate insulation layer can be formed by
oxidizing or nitriding the surface of the gate electrode, or by
forming an oxide film or nitride film at the surface of the gate
clectrode. Examples of the method for oxidizing the surface
of the gate electrode, though depending on the materal con-
stituting the gate electrode, include a thermal oxidation
method, an oxidizing method using an O, plasma, and an
anodic oxidation method. Examples of the method for nitrid-
ing the surface of the gate electrode, though depending on the
material constituting the gate electrode, include a nitriding
method using an N, plasma. Or, alternatively, 1n the case
where the gate electrode 1s constituted of gold (Au), for
example, the gate insulation layer can be formed at the surface
of the gate electrode by self-organizingly covering the gate
clectrode surface with insulating molecules having a func-
tional group capable of forming a chemical bond with the gate
clectrode, such as a straight chain hydrocarbon modified with
a mercapto group at one end thereof, while using such a
method as dipping method.

Or, the gate msulation layer can be formed by application
of the patterning method according to the present invention.

Further, 1n the organic field effect transistor according to
the present invention, examples of the material constituting
the gate electrode, the source/drain electrodes and various
wirings include metals such as platinum (Pt), gold (Au),
palladium (Pd), chromium (Cr), nickel (N1), molybdenum
(Mo), niobium (Nb), neodymium (Nd), aluminum (Al), silver
(Ag), tantalum (Ta), tungsten (W), copper (Cu), rubidium
(Rb), rhodium (Rh), titanium (11), indium (In), tin (Sn), etc.,
alloys containing any of these metallic elements, conductive
particles of these metals, conductive particles of alloys con-
taining any of these metals, polysilicon, amorphous silicon,
tin oxide, indium oxide, indium tin oxide (ITO), and laminate
structures of layers containing any of these elements.

Examples of the method for forming the source/drain elec-
trodes and the gate electrode, though depending on the mate-
rials constituting these electrodes, include spin coating
method; the above-mentioned various printing methods using
any of various conductive pastes and various conductive poly-
mer solutions; the above-mentioned various coating meth-
ods; lift-off method; shadow mask method; plating methods
such as electroplating method, electroless plating method,
and combination of these; spraying method; the above-men-
tioned various PVD methods; and various CVD methods
including MOCVD method; which may further be combined
with patterning technology, as required.

Furthermore, examples of the materials for forming the
gate electrode and the source/drain electrodes include such
organic materials as PEDOT/PSS. In this case, the gate elec-
trode can be formed further by application of the pattering
method according to the present invention.

In the patterning method according to the present invention
or the method of manufacturing an organic field etlfect tran-
sistor according to the present mvention, examples of the
substrate or the second substrate mclude various glass sub-
strates, various glass substrates provided with an 1nsulation
layer on the surface thereot, quartz substrate, quartz substrate
provided with an insulation layer on the surface thereof, and
silicon substrate provided with an insulation layer on the
surface thereof. Further examples of the substrate or the sec-
ond substrate 1n the pattering method according to the present
invention or the method of manufacturing an organic field
elfect transistor according to the present invention include
plastic films, plastic sheets and plastic substrates formed of a
polymer material such as polyether sulfone (PES), polyim-
ides, polycarbonate (PC), polyethylene terephthalate (PET),
polymethyl methacrylate (PMMA), polyvinyl alcohol (PVA),
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and polyvinyl phenol (PVP); when the substrate or second
substrate constituted of such a flexible polymer material 1s
used, 1t 1s possible to incorporate or integrate the organic field
elfect transistor into or with, for example, displays or elec-
tronic apparatus having a curved surface. Yet further
examples of the substrate or the second substrate include
conductive substrates (substrates formed of a metal, such as
gold, or highly oriented graphite). Besides, 1n the method of
manufacturing an organic field effect transistor according to
the present invention, the organic field effect transistor may in
some cases be provided on a support member, depending on
the configuration or structure of the organic field effect tran-
s1stor; 1n such a case, the support member may be composed
of any of the above-mentioned materials. In addition,
examples of the substrate or the second substrate in the
method of manufacturing a flexible printed circuit board
according to the present invention include flexible plastic
films composed of polymer materials such as polyether sul-
tone (PES), polyimides, polycarbonate (PC), polyethylene
terephthalate (PET), polymethyl methacrylate (PMMA),
polyvinyl alcohol (PVA), and polyvinyl phenol (PVP).

Inthe case where the organic field effect transistor obtained
by the method of manufacturing an organic field effect tran-
s1stor according to the present invention 1s applied to or used
in displays or various electronic apparatuses, a multiplicity of
the organic field effect transistors may be integrated on a
substrate to obtain a monolithic itegrated circuit, or the
respective organic field effect transistors may be cut off 1ndi-
vidually to be used as discrete component parts. In addition,
the organic field effect transistor may be potted with a resin.

In the present invention, the nozzle for applying a coating,
liquid or the like and a substrate or the like are moved relative
to each other 1n the condition where the nozzle 1s disposed on
the lower side of the substrate or the like and the surface of the
substrate or the like controlled in wettability 1s faced down, so
as thereby to apply the coating liquid or the like to a desired
region of the substrate or the like. Therefore, 1t 1s possible to
assuredly solve the problem involved in the conventional
coating method, 1.e., the problem that the coating liquid or the
like would be present or collected on the region where the
coating liquid should intrinsically not be present, under the
influence of gravity. Then, 1t 1s possible to apply the coating
liquid or the like to a large-area substrate or the like compara-
tively easily and with high accuracy, and wasting of the coat-
ing liquid or the like can be avoided. Further, it 1s possible to
use a low-viscosity coating liquid, and to contrive enhance-
ment of the accuracy 1n forming a pattern or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are diagrams showing the outline of a
capillary coater, and schematically illustrate the condition
where a coating liquid 1s being applied to a substrate by use of
the capillary coater;

FIGS. 2A and 2B are diagrams showing the outline of the
capillary coater, and schematically illustrate the condition
where the coating liquid 1s being applied to the substrate by
use of the capillary coater, subsequent to the mstance of FIG.
1B;

FIGS. 3A and 3B are diagrams showing the outline of the
capillary coater, and schematically illustrate the condition
where the coating liquid 1s being applied to the substrate by
use of the capillary coater, subsequent to the mstance of FIG.
2B;

FIGS. 4A to 4D are schematic partly sectional diagrams of
a substrate or the like for i1llustrating a patterning method 1n
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Embodiment 1 and a method of manufacturing an organic
field effect transistor in Embodiment 1;

FIGS. 5A to 5D are schematic partly sectional diagrams of
the substrate or the like for i1llustrating the patterning method
in Embodiment 1 and the method of manufacturing an
organic field effect transistor in Embodiment 1, subsequent to
the instance of FIG. 4D;

FIGS. 6 A to 6D are schematic partly sectional diagrams of
a substrate or the like for i1llustrating a patterning method 1n
Embodiment 2 and a method of manufacturing an organic
field effect transistor in Embodiment 2;

FIGS. 7A to 7D are schematic partly sectional diagrams of
a substrate or the like for illustrating a pattering method 1n
Embodiment 3 and a method of manufacturing an organic
field effect transistor in Embodiment 3;

FIGS. 8A and 8B are schematic partly sectional diagrams
of the substrate or the like for illustrating the patterning
method 1n Embodiment 3 and the method of manufacturing
an organic field effect transistor in Embodiment 3, subse-
quent to the mstance of FI1G. 7D;

FIGS. 9A to 9D are schematic partly sectional diagrams of
a substrate or the like for 1llustrating a patterning method 1n
Embodiment 4 and a method of manufacturing an organic
field effect 1n Embodiment 4;

FIGS. 10A and 10B are schematic partly sectional dia-
grams o1 the substrate or the like for 1llustrating the patterning
method 1n Embodiment 4 and the method of manufacturing
an organic field effect in Embodiment 4, subsequent to the
instance of FI1G. 9D:;

FIGS. 11A and 11B are schematic partly sectional dia-
grams ol a substrate or the like for illustrating a patterning
method in Embodiment 5; and

FIGS. 12A to 12D are schematic partly sectional diagrams
of a substrate or the like for 1llustrating a patterning method 1n
Embodiment 6.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

Now, the present invention will be described below based
on embodiments thereolf, referring to the drawings. First, the
outline of a capillary coater suited for carrying out an embodi-
ment of the present invention will be described referring to
FIGS. 1A and 1B, FIGS. 2A and 2B, and FIGS. 3A and 3B.

As a conceptual diagram 1s shown 1n FIG. 1A, the capillary
coater 10 includes a tank 11 for reserving a coating liquid 20,
and a nozzle 12 disposed inside the tank 11 and moved up and
down by a lift (not shown). A tip end portion of the nozzle 12
1s provided with a slit; as shown 1n the conceptual diagram 1n
FIG. 1B, when the nozzle 12 1s located at an elevated position
by operating the lift (not shown), the coating liquid 20 pro-
trudes from the slit 1n the tip end portion of the nozzle 12 by
capillarity. Incidentally, the slit extends in the direction per-
pendicular to the paper surface of the drawing.

In the condition as a conceptual diagram 1s shown 1n FIG.
2 A, a substrate 30 1s moved from the right side toward the left
side 1n the drawing by a moving device (not shown), whereon
the coating liquid 20 protruding from the slit 1n the tip end
portion of the nozzle 12 by capillanty 1s applied to the sub-
strate 30, as a conceptual diagram 1s shown 1n FIG. 2B. The
distance (gap) between the tip end portion of the nozzle 12
and the substrate 30 1s kept at 0.2 mm, for example, and the
moving velocity of the substrate 1s set at 0.7 m/min. Inciden-
tally, the coating liquid applied to the substrate 30 1s indicated
as a coating liquid 21. Simultaneously, the coating liquid 20 1n
the tank 11 1s continuedly supplied to the slit 1n the tip end
portion of the nozzle 12 by capillarity. When the application
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of the coating liquid 20 to the substrate 30 1s completed (see
a conceptual diagram shown 1n FIG. 3A), the nozzle 12 1s
located at a lowered position by an operation of the lift (not
shown) (see a conceptual diagram shown 1n FIG. 3B). In this
manner, the application of the coating liquid to a desired
region of the single substrate 1s completed.

Embodiment 1

Embodiment 1 relates to the pattering method according to
the one embodiment of the present invention and the method
of manufacturing an organic field efiect transistor according
to the another embodiment of the present mnvention. Now,
referring to FIGS. 4A to 4D and FIGS. 5A to 5D which are
schematic partly end elevation diagrams of a substrate or the
like, the pattering method according to Embodiment 1 and the
method of manufacturing an organic field efiect transistor
according to Embodiment 1 will be described below. Inciden-
tally, in Embodiment 1, the pattering method 1s applied to the
formation of a gate electrode of the organic field effect tran-
sistor and to the formation of a channel formation region.

Besides, in Embodiment 1 or in Embodiments 2 to 4 which
will be described later, the channel formation region 38 1s
formed on the basis of a toluene solution of poly-3-hexylth-
iophene (P3HP), and the gate electrode 34 1s formed on the
basis of an aqueous solution of PEDOT/PSS. Here, the con-
tact angles 0 and 0' of these solutions are shown 1n Table 1

below. In Table 1, “OTS” means octadecyltrimethoxysilane,
and the concentration thereof 1s 1 mmol.

TABLE 1
Liqud Solid Contact angle
Toluene solution of P3HP S105 0 = ca. 30° or below
Toluene solution of P3HP Au 0 = ca. 30° or below
Toluene solution of P3HP OTS 0' =ca. 40°
Aqueous solution of PEDOT/PSS S10, 0 = ca. 34°
Aqueous solution of PEDOT/PSS OTS 0'=ca.110°

[Step 100]

First, the gate electrode 34 1s formed on the substrate 30
prepared by forming an insulation film 32 of S10,, on a surface
of the glass substrate 31. Specifically, a coating layer 33
composed of octadecyltrimethoxysilane (OTS) from which
the portion to be provided with the gate electrode 34 has been
removed 1s formed on the insulation film 32 by a PDMS
stamp method, for example. This condition 1s shown 1n the
schematic partly end elevation diagram of FIG. 4A.

Next, the patterning method according to the present inven-
tion 1s applied. Specifically, 1n the condition where a nozzle
12 for applying an aqueous PEDOT/PSS solution as the coat-
ing liquid 1s disposed on the lower side of the substrate (see
FIGS. 1A, 1B, and 2A) and the surface of the substrate 30
controlled 1n wettability (namely, the surface of the substrate
30 provided with the coating layer 33) 1s faced down, the
nozzle 12 and the substrate 30 are moved relative to each
other (see FIGS. 2A, 2B, and 3A), whereby the coating liquid
34 A 1s applied to the desired region (specifically, the region of
the msulation film 32 where the gate electrode 34 1s to be
formed) of the substrate 30. This condition 1s shown 1n the
schematic partly end elevation of FIG. 4B. Thereafter, the
coating liquid 34 A 1s drnied, whereby a pattern composed of
the dried coating layer, 1.e., the gate electrode 34 formed of
PEDOT/PSS can be obtained (see the schematic partly end
clevation diagram of FIG. 4C).

[Step 110]

10

15

20

25

30

35

40

45

50

55

60

65

12

Next, a gate insulation layer 35 1s formed over the entire
surface. Specifically, the gate insulation layer 35 of S10, 1s
formed on the entire surface (specifically, on the gate elec-
trode 34 and the coating layer 33) based on a sputtering
method (see the schematic partly end elevation diagram of
FIG. 4D). At the time of forming the gate insulation layer 35,
a part of the gate electrode 34 1s covered with a hard mask,
whereby a take-out portion (not shown) of the gate electrode
34 can be formed without any photolithographic process.

[Step 120]

Thereafter, source/drain electrodes 36 are formed on the
gate msulation layer 35. Specifically, a titanium (1) layer
(not shown) as a close contact layer and a gold (Au) layer as
the source/drain electrodes 36 are sequentially formed on the
basis of a vacuum evaporation method. In this manner, the
structure as shown 1n FIG. SA can be obtained. At the time of
forming the close contact layer and the source/drain elec-
trodes 36, the region where the channel formation region 38 1s
to be formed 1s covered with a hard mask, whereby the source/
drain electrodes 36 can be formed without any photolitho-
graphic process.

[Step 130]

Next, the channel formation region 38 i1s formed on the
portion, between the source/drain electrode 36 and the
source/drain electrode 36, of the gate insulation layer 35.

For this purpose, first, a coating layer 37 composed of
octadecyltrimethoxysilane (OTS) from which the portion
where the channel formation region 38 is to be formed has
been removed 1s formed by a PDMS stamp method, for
example. This condition 1s shown 1n the schematic partly end
clevation diagram of FIG. 5B.

Then, 1n the condition where the nozzle 12 for applying an
organic semiconductor material coating liquid composed of a
toluene solution of P3HP (5 g/1) 1s disposed on the lower side
of the substrate 30 (see FIGS. 1A, 1B, and 2A) and substrate
surface provided thereon with the gate insulation layer 35 and
the source/drain electrode 36 and controlled in wettability
(namely, the surface of the substrate provided thereon with
the coating layer 37) 1s faced down, the nozzle 12 and the
substrate 30 are moved relative to each other (see FIGS. 2A,
2B, and 3A), whereby the organic semiconductor material
coating liquid 38A 1s applied to the portion, between the
source/drain electrode 36 and the source/drain electrode 36,
of the gate 1nsulation layer 35. This condition 1s shown 1n the
schematic partly end elevation diagram of FIG. 5C. Thereai-
ter, the organic semiconductor material coating liquid 38 A 1s
dried, whereby the channel formation region 38 composed of
P3HP which 1s an organic semiconductor material can be
obtained (see the schematic partly end elevation diagram of
FIG. 5D).

Or, 1n other words, 1n the condition where the nozzle 12 for
applying the toluene solution of P3HP as the coating liquid 1s
disposed on the lower side of the substrate 30 (see FIGS. 1A,
1B, and 2A) and the surface of the substrate 30 controlled 1n
wettability (namely, the surface of the substrate 30 provided
thereon with the coating layer 37) 1s faced down, the nozzle
12 and the substrate 30 are moved relative to each other (see
FIGS. 2A, 2B, and 3A), whereby the coating liqud 38A 1s
applied to the desired region (specifically, the region of the
gate insulation layer 35 where the channel formation region
38 1s to be formed) of the substrate 30 (see the schematic
partly end elevation diagram of FIG. 5C). Thereafter, the
coating liquid 38A 1s dried, whereby a pattern composed of
the dried coating layer, 1.e., the channel formation region 38
composed of P3HP can be obtained (see the schematic partly
end elevation diagram of FIG. 5D).

[Step 140]




US 8,277,900 B2

13

Finally, an insulation layer (not shown) as a passivation
f1lm 1s formed on the entire surface, the insulation layer on the
upper side of the source/drain electrodes 36 1s provided with
openings, a wiring material layer 1s formed on the entire
surface inclusive of the inside of the openings, and thereafter
the wiring material layer 1s patterned, whereby a bottom-gate/
bottom-contact type organic field effect transistor in which
wirings (not shown) connected to the source/drain electrodes
36 are formed on the insulation layer can be obtained.

Specifically, the bottom-gate/bottom-contact type organic
field effect transistor includes:

(a) the gate electrode 34 formed on the substrate 30,

(b) the gate insulation layer 35 formed on the gate electrode
34,

(¢) the source/drain electrodes 36 formed on the gate 1nsu-
lation layer 35, and

(d) the channel formation region 38 formed on the portion,
between the source/drain electrodes 36, of the gate insulation
layer 35.

Embodiment 2

Embodiment 2 relates to the patterning method according,
to the one embodiment of the present mmvention and the
method of manufacturing an organic field efiect transistor
according to the further embodiment of the present invention.
Now, the patterning method in Embodiment 2 and the method
of manufacturing an organic field effect transistor in Embodi-
ment 2 will be described below referring to FIGS. 6 A to 6D

which are schematic partly end elevation diagrams of a sub-
strate or the like. In Embodiment 2, also, the patterning
method 1s applied to the formation of a gate transistor and the
formation of a channel formation region, in the organic field
elfect transistor.

[Step 200]

First, the same step as [Step 100] in Embodiment 1 1s
carried out to form the gate electrode 34 on the substrate 30,
and thereafter the same step as [Step 110] in Embodiment 1 1s
carried out to form a gate insulation layer 35 on the entire

surface.

[Step 210]

Next, a channel formation region 38 and channel formation
region extension portions 39 are formed on the gate insulation
layer 35. Specifically, the same step as [ Step 130] 1n Embodi-
ment 1 1s carried out. To be more specific, a coating layer 37
composed of octadecyltrimethoxysilane (OTS) from which
the portions where the channel formation region 38 and the
channel formation region extension portions 39 are to be
formed have been removed i1s formed by a PDMS stamp
method, for example. This condition 1s shown in the sche-
matic partly end elevation diagram of FIG. 6A.

Then, 1n the condition where a nozzle 12 for applying an
organic semiconductor material coating liquid consisting of a
toluene solution of P3AHP (5 g/1) 1s disposed on the lower side
of the substrate 30 (see FIGS. 1A, 1B, and 2A) and the surface
ol the substrate 30 provided thereon with the gate insulation
layer 35 and controlled 1n wettability (namely, the surface of
the substrate 30 provided thereon with the coating layer 37) 1s
faced down, the nozzle 12 and the substrate 30 are moved
relative to each other (see FIGS. 2A, 2B, and 3A), whereby
the organic semiconductor material coating liquid 38A 1s
applied to the gate insulation layer 35. This condition 1is
shown 1n the schematic partly end elevation diagram of FIG.
6B. Thereafter, the organic semiconductor material coating
liquid 38 A 1s dried, whereby the channel formation region 38

10

15

20

25

30

35

40

45

50

55

60

65

14

composed of P3HP which 1s an organic semiconductor mate-
rial can be obtained (see the schematic partly end elevation
diagram in FI1G. 6C).

Or, 1n other words, 1n the condition where the nozzle for
applying the toluene solution of the P3HP as the coating
liquid 1s disposed on the lower side of the substrate 30 (see
FIGS. 1A, 1B, and 2A) and the surface of the substrate 30
controlled 1n wettability (namely, the surface of the substrate
30 provided thereon with the coating layer 37) 1s faced down,
the nozzle 12 and the substrate 30 are moved relative to each
other (see FIGS. 2A, 2B, and 3A), whereby the coating liquid
38A 1s applied to the desired region (specifically, the region of
the gate insulation layer 35 where the channel formation
region 38 1s to be formed) of the substrate 30 (see the sche-
matic partly end elevation diagram of FIG. 6B). Thereatter,
the coating liquid 38 A 1s dried, whereby a pattern composed
of a dried coating layer, 1.e., the channel formation region 38
formed of P3HP can be obtained (see the schematic partly end
clevation diagram 1n FIG. 6C).

[Step 220]

Thereatter, the same step as [Step 120] in Embodiment 1 1s
carried out, to form source/drain electrodes 36 on the channel
formation region extension portions 39. Specifically, a tita-
nium ( I1) layer (not shown) as a close contact layer and a gold
(Au) layer as the source/drain electrodes 36 are sequentially
formed on the basis of a vacuum evaporation method. In this
mannet, the structure as shown in FI1G. 6D can be obtained. At
the time of forming the close contact layer and the source/
drain electrodes 36, the channel formation region 38 1s cov-
ered with a hard mask, whereby the source/drain electrodes
36 can be formed without any photolithographic process.

[Step 230]

Finally, the same step as [Step 140] in Embodiment 1 1s
carried out, whereby a bottom-gate/top-contact type organic
field effect transistor can be obtained.

Specifically, the bottom-gate/top-contact type organic field
elfect transistor includes:

(a) the gate electrode 34 formed on the substrate 30,

(b) the gate insulation layer 35 formed on the gate electrode
34,

(¢) the channel formation region 38 and the channel for-
mation region extension portions 39 which are formed on the
gate msulation layer 35, and

(d) the source/drain electrodes 36 formed on the channel
formation region extension portions 39.

Embodiment 3

Embodiment 3 relates to the patterning method according,
to the one embodiment of the present mvention and the
method of manufacturing an organic field effect transistor
according to the yet another embodiment of the present inven-
tion. Now, the patterning method in Embodiment 3 and the
method of manufacturing an organic field effect transistor in
Embodiment 3 will be described below referring to FIGS. 7A
to 7D and FIGS. 8 A and 8B which are schematic partly end
clevation diagrams of a substrate or the like. In Embodiment,
also, the patterning method 1s applied to the formation of a
gate electrode and the formation of a channel formation
region, in the organic field effect type transistor.

[Step 300]

First, source/drain electrodes 36 are formed on the sub-
strate 30 prepared by forming an insulation film 32 of S10, on
a surface of a glass substrate 31, by a lift-oif method, for
example. Specifically, a resist layer from which the portions
to be provided with the source/drain electrodes 36 have been
removed 1s formed on the insulation film 32 on the basis of a
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photolithographic technique, then a titantum (T1) layer (not
shown) as a close contact layer and a gold (Au) layer as the
source/drain electrodes 36 are sequentially formed on the
basis of a vacuum evaporation method, and thereafter the
resist layer 1s removed. In this manner, the structure shown in
FIG. 7A can be obtained.

[Step 310]

Next, a channel formation region 38 1s formed on a portion,
between the source/drain electrode 36 and the source/drain
clectrode 36, of the substrate 30 (more specifically, the 1nsu-
lation film 32).

For this purpose, first, a coating layer 33 composed of
octadecyltrimethoxysilane (OTS) from which the portion to
be provided with the channel formation portion 38 has been
removed 1s formed by a PDMS stamp method, for example.
This condition 1s shown 1n the schematic partly end elevation
diagram in FIG. 7B.

Then, in the condition where a nozzle 12 for applying an
organic semiconductor material coating liquid composed of a
toluene solution of P3HP (5 g/1) 1s disposed on the lower side
of the substrate 30 (see FIGS. 1A, 1B, and 2A) and the surface
of the substrate 30 provided thereon with the source/drain
clectrodes 36 and controlled 1n wettability (namely, the sur-
face of the substrate 30 provided thereon with the coating
layer 33) 1s faced down, the nozzle 12 and the substrate 30 are
moved relative to each other (see FIGS. 2A, 2B, and 3A),
whereby the organic semiconductor matenal coating liquid
38A 1s applied to the portion, between the source/drain elec-
trode 36 and the source/drain electrode 36, of the substrate 30.
This condition 1s shown 1n the schematic partly end elevation
diagram of FIG. 7C. Thereafter, the organic semiconductor
material coating liquid 38A 1s dried, whereby the channel
formation region 38 composed of P3HP which is an organic
semiconductor material can be obtained (see the schematic
partly end elevation diagram in FI1G. 7D).

Or, 1n other words, 1n the condition where the nozzle 12 for
applying the toluene solution of P3HP as the coating liquid 1s
disposed on the lower side of the substrate 30 (see FIGS. 1A,
1B, and 2A) and the surface of the substrate 30 controlled 1n
wettability (namely, the surface of the substrate 30 provided
with the coating layer 33) 1s faced down, the nozzle 12 and the
substrate 30 are moved relative to each other (see FIGS. 2A,
2B, and 3A), whereby the coating liquid 38A 1s applied to the
desired region (specifically, the region of the insulation film
32 to be provided with the channel formation region 38) of the
substrate 30 (see the schematic partly end elevation diagram
in FIG. 7C). Thereafter, the coating liquid 38A 1s dried,
whereby a pattern composed of a dried coating layer, 1.¢., the
channel formation region 38 formed of P3AHP can be obtained
(see the schematic partly end elevation diagram in FIG. 7D).

[Step 320]

Next, a gate msulation layer 35 1s formed over the entire
surface. Specifically, the gate insulation layer 35 of S10, 1s
formed on the entire surface (specifically, on the channel
formation region 38 and the coating layer 33) on the basis of
a sputtering method (see the schematic partly end elevation

diagram 1n FIG. 8A).

[Step 330]

Thereatfter, a gate electrode 34 1s formed on the gate insu-
lation layer 35. Specifically, the same step as [Step 100] 1n
Embodiment 1 1s carried out. To be more specific, first, a
coating layer 37 formed of octadecyltrimethoxysilane (OTS)
from which the portion to be provided with the gate electrode
34 has been removed 1s formed on the gate insulation layer 35
by a PDMS stamp method, for example. Then, the patterning,
method according to the present invention 1s applied. Specifi-
cally, 1n the condition where the nozzle 12 for applying an
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aqueous PEDOT/PSS solution as the coating liquid 1s dis-
posed on the lower side of the substrate 30 (see FIGS. 1A, 1B,
and 2A) and the surface of the substrate 30 controlled 1n
wettability (namely, the surface of the substrate 30 provided
with the coating layer 37) 1s faced down, the nozzle 12 and the
substrate 30 are moved relative to each other (see FIGS. 2A,
2B, and 3A), whereby the coating liqud 1s applied to the
desired region (specifically, the region of the gate insulation
layer 35 where the gate electrode 34 1s to be formed) of the
substrate 30. Thereafter, the coating liquid 1s dried, whereby
a pattern composed of a dried coating layer, 1.¢., the gate
clectrode 34 formed of PEDOT/PSS can be obtained (see the
schematic partly end elevation diagram in FIG. 8B).

[Step 340]

Finally, the same step as [Step 140] in Embodiment 1 1s
carried out, whereby a top-gate/bottom-contact type organic
field effect transistor can be obtained.

Specifically, the top-gate/bottom-contact type organic field
elfect transistor includes:

(a) the source/drain electrodes 36 formed on the substrate
30,

(b) the channel formation region 38 formed on the portion,
between the source/drain electrodes, of the substrate 30,

(c) the gate msulation layer 35 formed on the channel
formation region 38, and

(d) the gate electrode 34 formed on the gate insulation layer
35S.

Embodiment 4

Embodiment 4 relates to the patterning method according
to the one embodiment of the present mvention and the
method of manufacturing an organic field effect transistor
according to the yet further embodiment of the present mnven-
tion. Now, the patterning method in Embodiment 4 and the
method of manufacturing an organic field effect transistor in

Embodiment 4 will be described below referring to FIGS. 9A
to 9D and FIGS. 10A and 10B which are schematic partly end
clevation diagrams of a substrate or the like. In Embodiment
4, also, the patterning method 1s applied to the formation of a
gate electrode and the formation of a channel formation
region, 1n the organic field effect transistor.

[Step 400]

First, a channel formation region 38 and channel formation
region extension portions 39 are formed on a substrate 30.

For this purpose, first, a coating layer 33 composed of
octadecyltrimethoxysilane (OTS) from which the portion to
be provided with the channel formation region 38 has been
removed 1s formed by a PDMS stamp method, for example.
This condition 1s shown in the schematic partly end elevation
diagram of FIG. 9A.

Then, 1n the condition where a nozzle 12 for applying an
organic semiconductor material coating liquid composed of a
toluene solution of P3HP (5 g/1) 1s disposed on the lower side
of the substrate 30 (see FIGS. 1A, 1B, and 2A) and the surface
of the substrate 30 controlled 1n wettability (namely, the sur-
face of the substrate 30 provided with the coating layer 33) 1s
faced down, the nozzle 12 and the substrate 30 are moved
relative to each other (see FIGS. 2A, 2B, and 3A), whereby
the organic semiconductor material coating liquid 38A 1s
applied to the portion of the substrate 30. This condition 1s
shown 1n the schematic partly end elevation diagram of FIG.
9B. Thereatter, the organic semiconductor material coating
liquid 38 A 1s dried, whereby the channel formation region 38
and the channel formation region extension portions 39 com-
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posed of P3HP which 1s an organic semiconductor material
can be obtained (see the schematic partly end elevation dia-

gram 1n FI1G. 9C).

Or, 1n other words, 1n the condition where the nozzle 12 for
applying the toluene solution of P3HP as the coating liquid 1s
disposed on the lower side of the substrate 30 (see FIGS. 1A,
1B, and 2A) and the surface of the substrate 30 controlled 1n
wettability (namely, the surface of the substrate 30 provided
with the coating layer 33) 1s faced down, the nozzle 12 and the
substrate 30 are moved relative to each other (see FIGS. 2A,
2B, and 3A), whereby the coating liquid 38A 1s applied to the
desired region (specifically, the region of the msulation layer
32 to be provided with the channel formation region 38) of the
substrate 30 (see the schematic partly end elevation diagram

in FIG. 9B). Thereafter, the coating liquid 38A 1s dnied,

whereby a pattern composed of a dried coating layer, 1.¢., the
channel formation region 38 and the channel formation
region extension portions 39 which are formed of P3HP can

be obtained (see the schematic partly end elevation diagram

in FIG. 9C).

[Step 410]

Thereatter, source/drain electrodes 36 are formed on the
channel formation region extension portions 39. Specifically,
a titanium (1) layer (not shown) as a close contact layer and
a gold (Au) layer as the source/drain electrodes 36 are sequen-
tially formed on the basis of a vacuum evaporation method. In
this manner, the structure shown 1n FIG. 9D can be obtained.
At the time of forming the source/drain electrodes 36, the
region where to form the channel formation region 38 1s
covered with a hard mask, whereby the source/drain elec-
trodes 36 can be formed without any photolithographic pro-
CEeSS.

[Step 420]

Next, a gate msulation layer 35 1s formed over the entire
surface. Specifically, the gate insulation layer 35 composed of
S10, 1s formed on the entire surface (specifically, on the
channel formation region 38 and the source/drain electrodes
36) on the basis of a sputtering method (see the schematic
partly end elevation diagram 1n FIG. 10q).

[Step 430]

Thereafter, the same step as [Step 330] 1n Embodiment 3 1s
carried out. Namely, a gate electrode 34 1s formed on the gate
insulation layer 35. For this purpose, first, a coating layer 37
composed of octadecyltrimethoxysilane (OTS) from which
the portion where to form the gate electrode 34 has been
removed 1s formed on the gate insulation layer 35 by a PDMS
stamp method, for example. Next, the pattering method
according to the present invention 1s applied. Specifically, 1n
the condition where the nozzle 12 for applying an aqueous
PEDOT/PSS solution as the coating liquid 1s disposed on the
lower side of the substrate 30 (see FIGS. 1A, 1B, and 2A) and
the surface of the substrate 30 controlled 1 wettability
(namely, the surface of the substrate 30 provided with the
coating layer 37) 1s faced down, the nozzle 12 and the sub-
strate 30 are moved relative to each other (see FIGS. 2A, 2B,
and 3A), whereby the coating liquid 1s applied to the desired
region (specifically, the region of the gate insulation layer 35
to be provided with the gate electrode 34) of the substrate 30.
Thereatter, the coating liquid 1s dried, whereby a pattern
composed of a dried coating layer, 1.¢., the gate electrode 34
formed of PEDOT/PSS can be obtalned (see the schematic
partly end elevation diagram in FI1G. 10B).

[Step 440]

Finally, the same step as [Step 140] in Embodiment 1 1s
carried out, whereby a top-gate/top-contact type organic field
elfect transistor can be obtained.
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Specifically, the top-gate/top-contact type organic field
elfect transistor includes:

(a) the channel formation region 38 and the channel for-
mation region extension portions 39 which are formed on the
substrate 30,

(b) the source/drain electrodes 36 formed on the channel
formation region extension portions 39,

(¢) the gate 1nsulation layer 35 formed on the source/drain
clectrodes 36 and the channel formation region 38, and

(d) the gate electrode 34 formed on the gate insulation layer

35.

Embodiment 5

Embodiment 5 relates to the patterning method according,
to the one embodiment of the present invention. In Embodi-
ment 5, a substrate 30 1s provided with a recess-projection
structure having a recessed portion as a desired region and a
projected portion, whereby the wettability of the surface of
the substrate 30 1s controlled. Then, a coating liquid 1s applied
to the recessed portion. Further, after a pattern composed of a
dried coating layer 1s formed, the pattern is transierred onto a
second substrate.

Specifically, as a schematic partly end elevation diagram 1s
shown 1n FIG. 11A, the substrate 30 composed of a glass
substrate 41 1s provided with a recess-projection structure
having a recessed portion 42 as a desired region and a pro-
jected portion 43. Incidentally, the projected portion 43 1s
formed of perfluorooctyltrichlorosilane in a thickness of sev-
eral nanometers, and can be formed by a lift-off method, for
example.

In this condition, the patterning method according to the
present invention 1s carried out. Specifically, i the condition
where a nozzle 12 for applying a toluene solution of P3HP as
a coating liquid 1s disposed on the lower side of the substrate
30 (see F1IGS.1A,1B, and 2A) and the surface of the substrate
controlled 1n wettability (namely, the surface of the substrate
30 provided with the recess-projection structure) i1s faced
down, the nozzle 12 and the substrate 30 are moved relative to
cach other (see FIGS. 2A, 2B, and 3A), whereby the coating
liquid 44 A 1s applied to the desired region (specifically, the
recessed portion 42) of the substrate 30 (see the schematic
partly end elevation diagram in FIG. 11B). Thereatter, the
coating liquid 44 A 1s dried, whereby a pattern 44 composed
of a drnied coating layer, 1.e., a layer constituting the channel
formation region composed of P3HP, for example, can be
obtained.

Thereafter, a layer constituting the channel formation
region which 1s the pattern may be transferred, for example, to
a second substrate 1n the state shown 1n FIG. 5A, a second
substrate in the state shown in FIG. 6 A (1t should be noted that
it 1s unnecessary to form the coating layer 37), a second
substrate 1n the state shown in FIG. 7A, or a second substrate
in the state shown in FIG. 9A (it should be noted that 1t 1s
unnecessary to form the coating layer 33), to thereby forming
the channel formation region 38 as the desired pattern on the
second substrate.

Or, alternatively, a method may be adopted wherein the
coating liquid 44A 1s applied to the desired region (specifi-
cally, the recessed portion 42) of the substrate 30, and then the
coating liquid 44 A 1s dried, whereby a pattern 44 composed
of a dnied coating layer, 1.e., a layer constituting a gate elec-
trode composed of PEDOI/PSS, for example, can be
obtained. Thereatter, the layer constituting the gate electrode
as the pattern may be transferred, for example, to a second
substrate in the state shown in FIG. 4 A (1t should be noted that
it 1s unnecessary to form the coating layer 33) or to a second
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substrate 1n the state shown in FIG. 8A, to thereby form the
gate electrode 34 as the desired pattern on the second sub-

strate.

Or, a method may be adopted wherein the coating liquid
44 A 15 applied to the desired region (specifically, the recessed 5
portion 42) of the substrate 30, and then the coating liquid
44 A 1s dried, whereby a pattern 44 composed of a dried
coating layer, 1.e., a layer constituting source/drain electrodes
composed of PEDOT/PSS, for example, can be obtained.
Thereatter, the layer constituting the source/drain electrodes 10
as the pattern may be transferred, for example, to a second
substrate 1n the state shown 1n FIG. 4D, a second substrate 1n
the state before the formation of the source/drain electrodes
36 shown in FIG. 7A, or a second substrate 1in the state shown
in F1G. 9C, to thereby form the source/drain electrodes 36 as 15
the desired pattern on the second substrate.

Specific examples of the method for transferring the pat-
tern onto the second substrate include a method 1n which, for
example, poly-3-hexylthiophene (P3HP) as an 1nk 1s mounted
on a projected portion of a stamp having a recess-projection 20
structure (a stamp formed from a fluoro-resin, a stamp formed
from a substrate surface-treated with a fluoro-resin, or s stamp
treated with 10 mmol OTS), thereatter the P3AHP mounted on
the projected surface of the stamp 1s transierred onto a PDMS
(silicone rubber) tlat over the entire surface, then the P3HP 25
transferred onto the PDMS 1s transferred onto the second
substrate.

Embodiment 6
30

Embodiment 6 1s a modification of Embodiment 5. Now,
the patterning method 1n Embodiment 6 will be described
below referring to FIGS. 12A to 12D which are schematic
partly sectional diagrams of a substrate or the like.

In Embodiment 6, first, a resist layer 52 1s formed on the 35
surface of a substrate 30 composed of a glass substrate 51,
based on the known photolithographic technique (see FIG.
12A).

Next, the whole body of the substrate 1s dipped in a met-
axylene hexafluoride solution of perfluorooctyltrichlorosi- 40
lane which 1s a liquid-repellent surfactant (contact angle
0'=about 120° when 1n contact with the glass substrate 51), or
1s exposed to the vapor of this solution, whereby the portion of
the substrate 30 not covered with the resist layer 52 1s treated
to be water-repellent (see FIG. 12B). 45

Subsequently, after the removal of the resist layer 52, the
whole body of the substrate 1s dipped in an anhydrous ethanol
solution of aminotrichlorosilane which 1s a lyophilic surfac-
tant (contact angle 0=not more than about 30° when in contact
with the glass substrate 51), whereby the portion of the sub- 50
strate 30 having been covered with the resist layer 52 1s
treated to be hydrophilic (see FIG. 12C). Incidentally, ami-
notrichlorosilane would not adhere to the water-repellent
treated surface.

In this condition, the patterning method according to the 55
one embodiment of the present invention 1s carried out. Spe-
cifically, in the condition where a nozzle 12 for applying an
aqueous solution of PEDOT/PSS which 1s the coating liquid
1s disposed on the lower side of the substrate 30 (see FIGS.
1A, 1B, and 2A) and the surface of the substrate 30 controlled 60
in wettability (namely, the surface of the substrate 30 having
the hydrophilic treated surface and the water-repellent treated
surface) 1s faced down, the nozzle 12 and the substrate 30 are
moved relative to each other (see FIGS. 2A, 2B, and 3A),
whereby the coating liquid 54A 1s applied to the desired 65
region (specifically, the hydrophilic treated surface) of the
substrate 30 (see the schematic partly end elevation diagram

20

in FIG. 12D). Thereatfter, the coating liquid 54A 1s dried,
whereby a pattern 54 composed of a dried coating layer can be
obtained. Thereafter, 1t sullices that the pattern 1s transferred

onto a second substrate by the same method as described 1n
Embodiment 5.

Embodiment 7

Embodiment 7 relates to the method of manufacturing a
flexible printed circuit board according to the still another
embodiment of the present invention.

In the method of manufacturing a flexible printed circuit
board in Embodiment 7, first, a surface of a substrate 30
composed of a PES film with a thickness of 100 um, for
example, 1s subjected to an oxygen plasma treatment,
whereby the surface of the substrate 30 becomes a hydro-
philic treated surface. Next, toner particles are transferred and
fixed onto the surface of the substrate 30 by use of a dry
indirect electrostatic copying machine, whereby a liquid-re-
pellent region composed of the toner particles and patterned 1s
formed on the surface of the substrate 30. Incidentally, since
the substrate 30 1s flexible, the above operations can be con-
ducted on a roll form substrate 30 on the so-called roll-to-roll
basis.

Next, i the condition where a nozzle 12 for applying a
conductive material coating liquid composed of an aqueous
PEDOT/PSS solution, for example, 1s disposed on the lower
side of the substrate 30 (see FIGS. 1A, 1B, and 2A) and the
surface of the substrate controlled 1n wettability (the surface
of the substrate 30 which 1s provided thereon with the liquid-
repellent region composed of the toner particles and pat-
terned, the other region being the hydrophilic treated surtace)
1s faced down, the nozzle 12 and the substrate 30 are moved
relative to each other (see FIGS. 2A, 2B, and 3A), whereby
the conductive material coating liquid 1s applied to the sub-
strate 30, and then the conductive material coating liquid 1s
dried, whereby a circuit pattern (flexible printed circuit
board) composed of the dried conductive material coating
layer (specifically, a PEDOT/PSS layer) can be obtained.
Incidentally, 1n some cases, the circuit pattern thus obtained
may be transierred onto a second substrate.

While the present mvention has been described above
based on the preferred embodiments thereotf, the mvention 1s
not limited to or by the embodiments. The structures or con-
figurations, manufacturing conditions, and the manufacturing
methods of the organic field effect transistors and the flexible
printed circuit board as above-described are mere examples,
and can therefore be modified appropriately. In the case
where the organic field eflect transistors (IFTs) obtained
according to the present invention are applied to or used 1n
displays or various electronic apparatuses, a multiplicity of
the TFTs may be integrated on a support body or support
member to obtain a monolithic integrated circuit, or the
respective TEF'T's may be cut off individually to be used dis-
crete component parts. In addition, the patterning method
according to the one embodiment of the present invention 1s
applicable, for example, to the manufacture of organic elec-
troluminescence displays, organic solar cells, various sen-
sors, and color filters.

What 1s claimed 1s:

1. A patterning method comprising:

moving a nozzle from an unelevated position to an elevated
position;

moving the nozzle and a substrate relative to each other so
as to apply a semiconductor coating liquid to a surface of
said substrate, said nozzle being disposed on a lower
side of said substrate and said substrate being faced
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down with the surface of said substrate including a
recess-projection structure having a recessed portion
and a projected portion being controlled 1n wettability so
as thereby to apply said semiconductor coating liquid to
the recessed portion of said substrate so as to form a
uniform semiconductor coating layer such that an entire
coating thickness of the semiconductor coating layer 1s
substantially equal to an entire thickness of a material of
the projected portion, wherein the semiconductor coat-
ing layer contacts the projected portion and wherein
when the substrate 1s faced upwardly, an uppermost
surface of the material of the projected portion 1s formed
to be substantially flush with an uppermost surface of the
umiform semiconductor coating layer and a lowermost
surface of the material of the projected portion 1s formed
to be substantially flush with a lowermost surface of the
uniform semiconductor coating layer, said semiconduc-
tor coating liquid being applied as a liquid by capillarity;

therealiter, drying said semiconductor coating liquid so as
thereby to obtain a pattern including a dried semicon-
ductor coating layer;

forming an 1nsulation layer having a uniform thickness on

the uppermost side of the semiconductor coating layer
and the uppermost side of the projected portion when the
substrate 1s faced upwardly; and

moving the nozzle from the elevated position to a lowered

position.

2. The patterning method as set forth 1n claim 1, wherein
the relationship of 0<0' 1s satisfied, where 0 1s a contact angle
between said desired region of said substrate and said semi-
conductor coating liquid, and 0' 1s a contact angle between a
region of said substrate other than said desired region and said
semiconductor coating liquid.

3. The patterning method as set forth 1n claim 1, wherein
alter said pattern including said dried semiconductor coating
layer 1s obtained, said pattern 1s transierred onto a second
substrate.

4. The patterning method as set forth 1n claim 1, wherein
upon application of said semiconductor coating liquid to the
desired region of said substrate, a tip end portion of the nozzle
1s kept less than 1 mm away from the substrate.

5. The patterning method as set forth 1n claim 4, wherein
the tip end portion of the nozzle 1s kept approximately 0.2 mm
away from the substrate.

6. The patterning method as set forth i claim 1, wherein
upon application of said semiconductor coating liquid to the
desired region of said substrate, a moving velocity between a
tip end portion of the nozzle relative to the substrate 1s less
than 7 m/main.

7. The patterning method as set forth 1n claim 6, wherein
the moving velocity between the tip end portion of the nozzle
relative to the substrate 1s approximately 0.7 m/muin.

8. The patterning method as set forth 1n claim 1, wherein
the nozzle comprises a tip end portion that includes a slit.

9. The patterning method as set forth 1n claim 8, wherein
said semiconductor coating liquid 1s supplied to the slit by
capillarity.

10. The patterning method as set forth 1n claim 1, wherein
said semiconductor coating liquid comprises an organic
material.
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11. A patterning method comprising:

moving a nozzle from an unelevated position to an elevated

position;

moving the nozzle and a substrate relative to each other so

as to apply a semiconductor coating liquid to a surface of
said substrate, said nozzle being disposed on a lower
side of said substrate and said substrate being faced
down with the surface of said substrate including a first
portion and a second portion, said first and second por-
tions of said substrate being controlled 1n wettability and
having different wettability characteristics so as thereby
to apply said semiconductor coating liquid to the first
portion of said substrate so as to form a uniform semi-
conductor coating layer such that an entire coating thick-
ness of the semiconductor coating layer 1s substantially
equal to an entire thickness of a material of the second
portion, wherein the semiconductor coating layer con-
tacts the second portion and wherein when the substrate
1s faced upwardly, an-uppermost surface of the material
of the second portion 1s formed to be substantially flush
with an-uppermost surface of the uniform semiconduc-
tor coating layer and a lowermost surface of the material
of the second portion 1s formed to be substantially flush
with a lowermost surface of the uniform semiconductor
coating layer, said semiconductor coating liquid being
applied as a liquid by capillarity;

thereafter, drying said semiconductor coating liquid so as

thereby to obtain a pattern including a dried semicon-
ductor coating layer;

forming an 1sulation layer having a umiform thickness on

the uppermost side of the semiconductor coating layer
and the uppermost side of the projected portion when the
substrate 1s faced upwardly; and

moving the nozzle from the elevated position to a lowered

position.

12. The patterning method as set forth in claim 1, wherein
moving the nozzle and a substrate relative to each other so as
to apply a semiconductor coating liquid to a surface of said
substrate and drying said semiconductor coating liquid com-
prises forming a gate electrode on a substrate.

13. The patterning method as set forth 1n claim 12, further
comprising forming source and drain electrodes adjacent to
the gate electrode.

14. The patterning method as set forth 1n claim 1, wherein
the substrate comprises an nsulation film formed separately
from the projected portion, wherein the insulation film con-
tacts the lowermost surface of the uniform semiconductor
coating layer and the insulation layer contacts the uppermost
surface of the uniform semiconductor coating layer.

15. The patterning method as set forth 1n claim 14, wherein
the isulation film contacts both the uniform semiconductor
coating layer and the projected portion.

16. The patterning method as set forth 1n claim 1, further
comprising forming an additional semiconductor material on
the insulation layer.

17. The patterning method as set forth in claim 13, wherein
the source and drain electrodes are formed on the nsulation

layer.
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